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Crystals  of  poliovirus  have  recently  been  de- 
scribed in the cytoplasm of human amnion cells in 
tissue  culture  (15).  In  addition,  other  reports 
have appeared concerning non-crystalline particles 
suspected  of  being  poliovirus  in  infected  kidney 
epithelium  (1,  11).  Somewhat  different  intra- 
cytoplasmic  structures  seen  in  tissue  cultures  in- 
oculated  with  poliovirus  were  considered  to  be 
related  to  the infection but not thought to be the 
pathogenic  agents  (3,  5).  The  only  reference  to 
poliovirus  particles  in  the  central  nervous system 
of  infected  animals  is  the  observation  of  non- 
crystalline  aggregations  of  dense  material  in  the 
nuclei  of  neurons  of  normal  as  well  as  infected 
animals,  the  viral  nature  of  which  is  open  to 
serious  question  (7).  Other  types  of viruses  have 
been observed in crystalline form in tissue culture 
(6,  8,  9,  10,  16),  but,  to  our  knowledge,  virus 
crystals  resulting  from  intracellular  multiplica- 
tion of virus in tissue from experimentally infected 
living  vertebrates  have  not  heretofore  been  de- 
scribed. 
infected with pantropic rodent virus of the Columbia- 
SK  group,  MM strain.  1 By the end of the  3rd  day, 
the  animals  showed  signs  of  systemic  disease  and 
unequivocal  weakness.  A  coronal  section  was  made 
through  the  skull  and  brain  of  the  anesthetized 
animal,  blocks  were  removed  from  rhinencephalic 
cortex, fixed in 1 per cent buffered osmium tetroxide, 
dehydrated  through  graded  dilutions  of  ethyl  al- 
cohol,  and  embedded  in  methacrylate.  Significant 
regions of the blocks were selected by phase contrast 
microscopy.  Thin  sections  were  then  made  from 
these  areas  and  examined  in  a  Siemens  /JIM  100 
electron microscope. 
Adjacent  portions  of  the  brain  were  fixed  in  10 
per  cent  formalin  and  embedded  in  paraffin.  Sec- 
tions  were  stained  with  hematoxylin-eosin or  cresyl 
violet and examined with the light microscope. 
That  portion  of  the  brain  remaining  after  the 
removal of samples for light and electron microscopy 
was frozen immediately after sacrifice of the animal. 
Infectivity of the  homogenate  made from  remnants 
of  individual  brains  was  demonstrated  by  100  per 
cent mortality in further mouse passages. 
M E T H O D S  1 A  highly virulent strain for mice, obtained through 
White mice were injected subcutaneously with 0.1 ml.  the courtesy  of Professor Jungeblut,  Columbia Uni- 
of a  10  -4 diluted homogenate prepared from a  brain  versity, New York. 
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R  X  E  F  ~  O  T  E  S  825 RESULTS 
With  the light  microscope,  the  alterations  closely 
resembled  those  produced  by  the  intimately 
related  Columbia-SK  viruses  and  already  de- 
scribed  in  detail  (17).  These  changes  included  a 
mild leptomeningitis and  a  severe polioencephali- 
tis,  most  marked  in  the  rhinencephalic  cortex, 
With  the  electron  microscope,  the  fine  structural 
aspects of the inflammatory process could  also be 
observed.  Polymorphonuclear  leucocytes,  pro- 
liferating  microglia,  macrophages,  swollen  astro- 
cytes  containing  osmiophilic  inclusions,  and 
necrobiotic  neurons  could  be  studied.  Fig.  1 
shows  a  cell  which  can  tentatively  be  identified 
as  a  small  neuron.  Within  the  cytoplasm  are 
dense  particles  of  uniform  size,  many  of  which 
are  disposed  in  an  apparently  crystalline  lattice. 
The  particles  themselves  measure  approximately 
18 to 20 m#, appear round, and show considerable 
variation  in  density.  Detailed  internal  structure 
cannot be made out. 
Also present within the cytoplasm are numerous, 
membrane-bound,  round  or  oval,  homogenous 
bodies  of moderate  density  which  resemble  those 
that,  in  other  locations,  have  been  variously 
termed  "cytosomes,"  "lysosomes,"  or  "dense 
bodies."  The  RNP  granules  and  the  membranes 
of the  endoplasmic  reticulum  are  indistinct,  and 
only  a  few  mitochondria  can  be  recognized.  No 
definite  changes  can  be  detected  in  the  nucleus. 
DISCUSSION 
The  striking  ordered  pattern  of  these  particles 
which  is  similar  to  the  crystalline  structure  of 
various  viruses  seen  intracellularly  in  tissue 
culture  strongly  suggests  that  these  particles  do 
indeed represent virus. 
The  crystalline structures  herein described  also 
resemble poliovirus crystals seen in  tissue  culture. 
Further,  the lattice  arrangement  of the crystals  is 
compatible  with  that  reported  in  in  vitro studies 
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on poliovirus (2,  14),  and the size of the individual 
particles  approximates  that  determined  for  the 
polio and  parapolio  groups  by other investigators 
(4,  12-14).  Finally,  the  typical  pathogenicity  of 
remnants  of this  brain  for further  mouse passages 
makes  it very probable  that  the observed  crystals 
are  of the  MM  strain  of  rodent  poliovirus  with 
which the animal was infected. 
A variation in density of the individual particles 
has  also  been  noticed  in  other  virus  crystals  and 
has  been  thought  to  represent  a  true  density 
difference  rather  than  simply  being  due  to  the 
plane of section. On the other hand, the difference 
in  the  arrangement  of individual  particles  prob- 
ably  reflects  the  orientation  of  the  crystal  with 
respect to the plane of section  (9). 
The  factors  which  result  in  intracellular  virus 
crystallization  are  not  well  understood,  but  it  is 
reasonable  to  consider  the  crystal  formation  as 
related  to  a  locally  high  concentration  of  rela- 
tively  pure  virus.  The  finding  of  intracellular 
virus crystals in  vivo is additional  evidence for the 
similarity  of virus  production  and  multiplication 
in  vivo and  in  tissue  culture.  Thus,  the  tendency 
for  virus  particles  to  be  arranged  in  an  ordered 
pattern  is  not  a  peculiarity  of  an  unusual  rela- 
tionship  that  exists  between  the  virus  and  the 
strongly  adapted  tissue  culture  cell,  but  is  a 
phenomenon  that  also  occurs  in  infected  cells  of 
the living animal. 
The  morphologic changes  in  the  cell and  their 
relation  to  the  presence of virus crystals  are diffi- 
cult  to  evaluate.  This  problem,  as  well  as  the 
uhrastructural  pathology of rodent polioencephali- 
tis will be  discussed  in  a  subsequent  communica- 
tion. 
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FIGURE  1 
Cell from the rhinencephalic cortex of a mouse which was infected 3 days earlier  with 
virus  of the  Columbia-SK  group,  MM  strain.  Nucleus  (n),  virus  crystal  (vc), mito- 
chondrium  (m),  cytosome  (c). X  43,200. 
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